Objective: Restrained eaters attempt to employ cognitive control over decisions to eat, which leaves them prone to eat in a disinhibited manner. This eating style is associated with elevated rates of smoking compared to the general population. The current study merged smoking and eating research methodology to investigate a mechanism that may underlie this association by testing whether a food prime, which has been found to elicit disinhibited eating in restrained eaters, could also motivate smoking as an alternative to eating. Method: Using a randomized, 2-arm (Prime/No-Prime) between-subjects design, it was hypothesized that young adult female smokers who endorsed elevated dietary restraint and received a food prime would smoke more when given the option, compared to smokers who did not receive the food prime. Results: As predicted, restraint score moderated the effect of the food prime upon smoking behavior (latency to first puff, ␤ ϭ 1, t ϭ 3.8, df ϭ 123, p Ͻ .001) and cigarette craving (␤ ϭ Ϫ.79, t ϭ Ϫ2.9, df ϭ 127, p Ͻ .005), suggesting that after a food prime, restrained-eating smokers may opt to smoke to prevent further food intake. Conclusion: This study identified a pathway, namely violation of dietary restraint, linking eating and smoking behaviors that may contribute to the population-based covariance between disordered eating and tobacco use.
Smoking is one of the leading causes of premature mortality in the United States, yet nearly one in five adults continue to smoke (CDC, 2012) . Concurrently, disordered eating to control weight and shape remains a public health problem in the United States, especially within adolescents and young adults (NeumarkSztainer, Wall, Larson, Eisenberg, & Loth, 2011) . Those who strive to adhere to unrealistic standards of appearance may resort to unhealthy behaviors, including cigarette smoking, to achieve the goal of weight control.
Relationship Between Smoking and Weight Control
There is robust literature on the relationship between smoking and eating. Smoking suppresses appetite and weight (Lycett, Munafo, Johnstone, Murphy, & Aveyard, 2011) , perhaps through pharmacological effects of nicotine (Grunberg, 1982; Grunberg et al., 1992) . Conversely, smoking cessation is associated with weight gain (Klesges et al., 1997) . Consequently, some smokers (weight-control smokers) appear to use cigarettes to control body weight and food intake, and these smokers also eat more food than non-weight-controllers when subjected to temporary abstinence from smoking (Pomerleau et al., 1993) . That is, cigarettes appear to serve as a tool for these smokers to restrain their eating and control their weight, and removing this tool can lead to disinhibited eating.
Young adult female smokers may be a special subpopulation for which this relationship between smoking and eating is exacerbated, as they self-report using smoking for weight and/or food intake control purposes disproportionately more than male smokers (Pomerleau & Snedecor, 2008; Klesges & Klesges, 1988) . Beyond self-report, female abstaining smokers are known to eat more than nonabstaining smokers, with this increased food intake being related to increased craving for both food and cigarettes (Ogden, 1994) . Weight concern has also been found to moderate the relationship found between negative body image and increased urge to smoke when body image is manipulated (Lopez, Drobes, Thompson, & Brandon, 2008) . Additionally, exaggerated beliefs about smoking's weight-control properties are most strongly associated with concerns about weight and eating (White, McKee, & O'Malley, 2007) .
consciously controlling food intake, rather than eating in accordance to physiological hunger and satiation cues. This type of eating can become problematic by leading to "disinhibited" eating, whereby a salient environmental, physical, or emotional cue will prompt a person to override their restraint and overeat (e.g., Heatherton, Polivy, & Herman, 1989; Polivy, Herman, & Deo, 2010) .
Experimental studies evaluating restrained eating typically use in vivo food priming techniques (Stroebe, 2008) . This involves consumption of a small amount of food, called a prime or preload (e.g., a milkshake), followed by access to ad libitum food, with measurement of food consumption. Level of dietary restraint (i.e., propensity for disinhibited eating), as measured by the Restraint Scale (RS; Herman & Polivy, 1980) , is typically found to moderate the amount of food a participant will eat. With higher levels of restraint, the food prime disinhibits the restrictions that participants place on their eating, and consequently, increases food intake. Those who score low on restraint show the opposite pattern; they will subsequently eat less food following a preload (Polivy et al., 2010 ; as discussed in Stroebe, 2008) . Finally, the effects of disinhibited eating in restrained eaters are more pronounced in females, who have higher rates of eating pathology than men in the general population (Lowe & Thomas, 2009; Ogden, 1994) .
Measures of dietary restraint do not necessarily assess successful dietary restraint, that is, the ability to restrict caloric intake, resulting in negative energy balance (see Stice, Sysko, Roberto, & Allison, 2010) . Rather, the RS appears to identify dieters, overeaters, and people whose weight fluctuates often (Lowe & Thomas, 2009 ). Thus, a construct validity analysis of the RS found that it was reliable in predicting disinhibited eating, dieting/restraint, and body dissatisfaction (van Strien, Herman, Engels, Larsen, & van Leeuwe, 2007) . That is, the RS is likely better at predicting disinhibited eating or "unsuccessful dieters" than it is at predicting successful dietary restraint (as discussed in van Strien et al., 2007; Lowe & Thomas, 2009 ). Disinhibited eating is associated with restrained eating, as it can occur in individuals who strive to restrain food intake, but have difficulty doing so.
Associations Among Dietary Restraint, Disinhibition and Smoking
Longitudinal studies support associations between smoking and both dietary restraint and dieting behavior (Austin & Gortmaker, 2001; Fidler, West, Van Jaarsveld, Jarvis, & Wardle, 2007) . In addition to this broad relationship between dieting behavior and smoking, smokers who are restrained eaters report weight-control expectancies about smoking to a greater degree than nonrestrained eaters (McKee, Nhean, Hinson, & Mase, 2006) . Furthermore, higher levels of restrained, as well as disinhibited, eating predict stronger explicit expectancies about smoking's weight-control properties (Copeland & Carney, 2003) . Smokers characterized as disinhibited eaters also tend to gain more weight after quitting smoking (e.g., Hudmon, Gritz, Clayton, & Nisenbaum, 1999) . Additionally, restrained eaters are predisposed to more severe eating pathology and eating disorders (Ruderman & Grace, 1987) , as well as other behavioral problems, including substance use and abuse (Addicott, Gray & Todd, 2009; Stewart, Angelopoulos, Baker, & Boland, 2000) . Because smokers attempting dietary restraint are particularly reluctant to gain weight postcessation, dietary restrainers may face a unique barrier to smoking cessation (Addicott et al., 2009; Pomerleau, & Kurth, 1996) .
Although the relationship between weight concern and smoking behavior is relatively robust, there is less known about specific and transient patterns of cigarette use for eating and/or weight-control purposes. Specifically, it is unknown whether situations triggering disinhibited eating among restrainers could produce increased smoking, nor if such an effect is driven by the weight-control expectancies of smoking.
Current Study
The goal of this study was to test whether dietary restraint, and the priming effect in particular, influences momentary smoking motivation and behavior. Utilizing a manipulation from the dietary restraint literature, young adult women were randomized to a Prime or No-Prime condition, with the prime being a milkshake preload, before being given the opportunity to eat and/or smoke.
We hypothesized that this option to smoke after eating a small amount of food would disrupt the established relationship between self-reported restraint and disinhibited eating typically found following a food prime. Actual or perceived dietary violations (such as eating a small amount of a perceived "bad" food) disrupt the strict regulation of restrained eaters, leading to disinhibited eating (Stroebe, 2008) . However, with both cigarettes and food simultaneously available, we expected a shift toward smoking instead of eating among our sample of smokers. We postulated that restrained eaters maintain dietary restraint as a goal despite engaging in disinhibited eating (see Sin & Vartanian, 2012; Stroebe, van Koningsbruggen, Papies, & Aarts, 2013) , and therefore, when given the opportunity that they would use cigarettes to restore dietary restraint, to distract themselves from increased food consumption, or to compensate for the caloric consumption from the prime. (See Grunberg et al., 1992 , for a discussion of the mechanisms that are implicated in the relationship between smoking and food intake/ weight suppression, including altered metabolic rate, neurotransmitter and hormone regulation, and alterations to taste perception and satiety.) We expected that the shift to smoking would be most pronounced among women high in dietary restraint, as measured by the RS. Therefore, we tested the following hypotheses.
Hypothesis 1: The RS would moderate the effect of the priming manipulation upon smoking behavior, with greater smoking (in terms of shorter latency to first puff and total amount smoked) among primed participants with higher scores on the RS.
Hypothesis 2: Consistent with the first hypothesis, participants receiving the food prime would self-report increased craving for cigarettes during and after the taste test, as moderated by dietary restraint.
Hypothesis 3: Measures of outcome expectancies that smoking controls appetite and weight would also moderate the effect of priming upon smoking behavior.
Hypothesis 4: Given the hypothesized shift toward cigarettes and away from food, the RS would also moderate the effect of priming upon eating, with less eating (increased latency to first bite and greater amount of food consumed), among primed participants with higher RS scores.
Additionally, because negative affect has been associated with increased craving to smoke and higher body dissatisfaction, we explored whether trait negative affect also moderated the effects predicted above, with greater negative affect associated with greater effects of the food prime. We also examined if state negative affect mediated the effects of the food prime.
Method Participants
Young adult female smokers (N ϭ 128) were recruited from advertisements throughout a large university and community and told that the study concerned smokers' taste preferences for foods. Inclusion criteria included: (a) female; (b) 18 -29 years of age; (c) smoked more than 100 lifetime cigarettes and at least one cigarette per day (CPD) for the past 30 days; (d) exhaled carbon monoxide (CO) of at least 6 ppm on the day of the study which reflects light, daily smoking among young adult females (Kendzor, Baillie, Adams, Stewart, & Copeland, 2008) ; (e) no current engagement in formal smoking cessation treatment (including pharmacotherapies); (f) not pregnant; and (g) not lactose intolerant or vegan. We expected to obtain a sample of light, regular smokers, as opposed to nondependent "chippers" (Shiffman & Paty, 2006) . Individuals deemed eligible during a telephone screening were scheduled for a laboratory session at 11a.m. or later. They were instructed to smoke and eat normally until 3 hours before their appointment and to abstain from both behaviors thereafter. Compliance with these instructions was confirmed through self-report upon arrival at their appointment. Previous research has set 3 hours as an appropriate interval to stabilize glucose levels (Gailliot et al., 2007) , and to simplify instructions, we used a similar interval for smoking abstinence. Additionally, this abstinence duration was expected to induce mild nicotine withdrawal and cigarette craving, which would enhance participants' sensitivity to our manipulation (Hendricks, Ditre, Drobes, & Brandon, 2006) . Participants were compensated with either $25 or extra course credit (for psychology students).
Baseline Measures
Participants completed self-report measures, which all demonstrated acceptable internal consistency. Measures included a Demographic Questionnaire (DQ) and a Smoking Form (SF) that included the Fagerström Test for Nicotine Dependence, ␣ ϭ .70 (FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 1991) , a standard measure of nicotine dependence. Negative affect was measured with the Negative Affect Scale of the Positive and Negative Affect Schedule (PANAS), using both the General (i.e., a measure of trait affect) and Moment (i.e., a measure of state affect) versions (Watson, Clark, & Tellegen, 1998) . We measured general (␣ ϭ .80) and momentary (␣ ϭ .77) negative affect at baseline, and momentary affect immediately after the manipulation (Time 2; ␣ ϭ .79). Cigarette craving was measured with the Questionnaire of Smoking Urges-4 (QSU-4; Tiffany & Drobes, 1991) , a 4-item abridged version of the 32-item Questionnaire of Smoking Urges (␣ ϭ .89). Eating restraint was measured with the Restraint Scale (RS), a commonly used 10-item measure of dietary restraint (Herman & Polivy, 1980) , ␣ ϭ .77.
We included measures of smoking's perceived effects on weight control or food intake to test as possible moderating variables. Because this was a novel use of this construct, we included three different, but related, measures as per the principle of multiple operationalism. First, the Weight Control subscale of the Smoking Consequences Questionnaire (SCQ; ␣ ϭ .94; Brandon, & Baker, 1991) , was administered to assess smokers' expectancies about smoking's appetite suppressing and weight-control properties. Responses range from 0 -9 (from completely unlikely to completely likely) on this 5-item scale. Example items ask for participants' agreement with statements about the ability of cigarettes/smoking to "keep me from overeating," or keep "my weight down." Further, a 1-item measure, Smoking-Related Weight Concern (SRWC; included from a 2-item, 5-point scale developed by Jeffery, Hennrikus, Lando, Murray, & Liu, 2000 to assess smoking specific weight concerns) asked participants to rate their concern regarding postcessation weight gain, ranging from not at all concerned to extremely concerned. Endorsement of this concern is related to general weight concerns (Jeffery et al., 2000) . Finally, the 3-item Weight-Control Smoking Scale (WCSS; Pomerleau et al., 1993) , with responses ranging from 0 -3, was administered, which measures smoking for weight-control purposes (␣ ϭ .77). The WCSS demonstrates good reliability, good concurrent validity and correlates with both self-efficacy to relapse after weight gain, and body dissatisfaction (Pomerleau, & Snedecor, 2008) 
Dependent Measures
Smoking behavior. From the video-recording of the taste test, two researchers each coded half of the videos for timed latency to first puff and total number of puffs taken. Latency to smoke is considered a behavioral measure of smoking motivation (e.g., Shiffman et al., 2013 ) that has shown construct validity in previous research (e.g., Ditre, Heckman, Butts, & Brandon, 2010) . The researchers used the video time-stamp to determine the latency between presentation of the cigarettes and food and the beginning of the first cigarette puff, measured to 0.1 second. To assess rater reliability, 20% of the videos (n ϭ 26) were randomly selected and coded by a third rater. As these variables were continuous, correlations between ratings were used as an indicator of agreement. We achieved excellent reliability between raters (r ϭ .99) for both of these variables. We also measured cigarette weight, using a digital scale accurate to 0.1 g, before and after the experiment to calculate difference scores.
Eating behavior. The same digital scale was used to measure standardized portions of food before and after the taste test. Additionally, research staff timed latency to first bite of food from the video-recording as a behavioral measure of eating motivation designed to parallel the smoking latency measure. Interrater reliability was also excellent (r ϭ .99) for this measure. To our knowledge, this variable has not been examined experimentally as a traditional construct of eating motivation. However, latency to smoke is a robust measure of laboratory-based smoking behavior (e.g., Conklin & Perkins, 2005; Ditre & Brandon, 2008) , so we included it in an effort to create parallel indices of smoking and eating behavior. Thus, latency to eat, total weight of food consumed in grams, and total calories consumed were our measures of food intake. However, because of statistical redundancy between the weight and caloric measures, we report only the former.
Craving to smoke. Immediately after the taste test, participants completed a retrospective measure of cigarette craving "during the taste test," using a 0 -100 mm visual analog scale (VAS). The QSU-4 (Time 2) was also administered at this time.
Procedure
Participants first heard a brief overview of the study, and then provided informed consent. They next completed baseline measures, followed by a 5-min "washout task" in which they were asked to imagine and list vacation destinations (Roehrig, 2008) . The washout was intended to reduce cognitive and affective carryover from the baseline questionnaires.
Next, participants were randomly assigned to one of the two experimental conditions when the experimenter opened a sealed envelope that contained a study arm assignment previously derived using a random number sequence generator. As per previous studies using dietary preloads (Jansen et al., 2009; Mills, & Palandra, 2008; Stroebe, 2008) , participants in the Prime condition were given 5 minutes to consume a 10-oz vanilla milkshake of approximately 240 calories. The milkshake was prepared at the lab using ice cream and 1% milk mixed in a blender and poured into disposable drink cups. The shakes were originally purchased as a preportioned product that was discontinued early into the study. Thereafter, we fully prepared the milkshakes in the laboratory. Participants were told it was a "regular vanilla milkshake," which would imply a high-fat or high-caloric food item, as previous research has established that milkshakes are viewed as among the most highly "forbidden" foods (Knight & Boland, 1989) . Participants in the No-Prime condition were given the option to read magazines (with food and smoking cues removed) for 5 minutes.
After the priming manipulation, all participants received ad lib food, with the option to smoke, for 20 minutes. A glass of water and premeasured portions (i.e., three serving sizes) of the following four types of foods were placed on a table in front of the participant: potato chips (64 g, 300 calories), cookies (63 g, 320 calories), chocolate candy (126.2 g, 630 calories), and cheddar cheese (90 g, 360 calories). These types of foods represent "comfort foods" for women (Wansink, Cheney, & Chan, 2003) and have been used in past priming studies (e.g., Ogden, 1994) . Both groups were also presented with their cigarettes and lighters at this time, and participants were told to eat and smoke as much as they wanted during the 20 minutes and to rate the products using provided forms.
Data Analysis Notes
To verify group equivalence on demographics, nicotine dependence, and other baseline variables, a series of independent samples t tests and chi-square analyses were conducted (see Table 1 ). A significant difference emerged for only CPD, so subsequent analyses were conducted both with and without CPD as a covariate. Because the covariate did not change the results of any analysis, results are reported here without CPD as a covariate. Time since last cigarette (in minutes) was examined as a potential covariate in our analyses; however, there were no differences between conditions, and time since last cigarette was not significantly related to any of our dependent measures of smoking in our regression models. Additionally, variables were checked for outliers and parametric assumption violations. To conform to normality, three variables were log-transformed (latency to first puff, latency to first bite of food, and number of puffs). Three participants either did not smoke (n ϭ 2) or did not eat (n ϭ 1) during the taste test phase, and therefore they were not included in analyses with smoking or food dependent variables. Continuous predictor variables were mean-centered for all regression analyses, and simple slopes analyses were conducted to explore significant interactions and determine whether slopes differed from zero for each study condition. (Aiken & West, 1991) . To control for family-wise Type I error, we employed Bonferroni-Holm corrections of alpha levels (Holm, 1979; Ludbrook, 1998) for each set of predictors (restraint scale, condition, restraint by condition, expectancies and the interaction between condition and expectancies) that were tested multiple times on our dependent variables. To determine which analyses retained or lost significance after family-wise correction, p values were compared with adjusted alpha levels. 
Results

Participant Characteristics
Descriptive statistics are reported in Table 1 . The mean FTND score of 3.11 indicates moderate tobacco dependence. Means/standard deviations for dependent variables are reported in Table 2 .
Effect of Food Prime on Smoking Behavior and Craving
We hypothesized that participants receiving a food prime would smoke more and crave cigarettes more than those in the No-Prime condition, and that these effects would be moderated by level of restrained eating. As shown in Table 3 , with one exception (number of puffs with VAS craving item) the smoking-related dependent variables-smoking behaviors and craving scales-tended to be highly correlated.
Smoking behavior. To test the priming effect with level of restrained eating (as measured by the RS) as a moderator, we used a linear regression model with condition as the focal predictor, the smoking behavior variables as dependent variables, and RS total score as the moderator. As shown in Table 4 , the hypothesized interaction between RS and condition appeared for logtransformed latency to first puff and total weight smoked. These interactions are also displayed in Figure 1A for latency to first puff, and Figure 1B for total weight smoked. Higher levels of dietary restraint were associated with a shorter latency to smoke and more cigarette consumption only when participants had received the food prime. RS was also an independent predictor of smoking behavior within these regression models. However, after Bonferroni-Holm adjusted alpha levels were compared with the obtained p values for these interactions, only the interaction between condition and RS on latency to first puff was retained (see Table 4 ). Simple slopes analyses revealed that the RS negatively predicted latency to smoke in the Prime condition (␤ ϭ Ϫ.14, t ϭ Ϫ6.56, df ϭ 61, p Ͻ .001), but not in the No-Prime condition (␤ ϭ .02, t ϭ .99, df ϭ 59, p ϭ .32).
Cigarette craving. We conducted similar analyses to test the main and restraint-moderated effects of condition upon selfreported craving to smoke, using both the QSU-4 scores from Time 2 and the VAS item that was administered after the taste test to assess participants' retrospective craving during the taste test. We found no main or interaction effect upon the QSU-4. On the VAS item, regression analyses revealed a significant main effect by restraint, as well as the hypothesized interaction between RS and condition, such that eating restraint was positively associated with cigarette craving in the Prime condition, but negatively associated with craving in the No-Prime condition (see Table 4 and Figure 1C ). Simple slopes analyses for restraint on predicting craving to smoke revealed, once again, that in the crossover interaction, RS predicted craving in the prime condition (␤ ϭ .94, t ϭ 2.31, df ϭ 62, p ϭ .02), with a negative trend in the No-Prime condition (␤ ϭ Ϫ.73, t ϭ Ϫ1.77, df ϭ 62, p ϭ .08).
Moderation by Expectancies
We next tested whether expectancies of smoking as a weightcontrol strategy moderated priming effects on smoking variables. Expectancies were measured separately with the WCSS, SCQ Weight Control Scale, and the SRWC, which were all highly intercorrelated (rs ϭ .460-.744, ps Ͻ .01), as well as correlated with the RS (rs ϭ .409-.558, ps Ͻ .01). Of the three indices of smoking behavior, only latency to first puff was moderated by expectancies regardless of scale, with significant interaction terms across all three measures. The interactions indicated that greater expectancies about smoking controlling weight (or higher concerns about gaining weight after cessation) were associated with shorter latency to smoke in the Prime group only. However, after Bonferroni-Holm adjusted values were compared with the obtained p values for these interactions, only the interaction between condition and WCSS was retained (␤ ϭ .92, B(SE B) ϭ .41(.13), 95% CI ϭ [.14, .67], t(123) ϭ 3.04, R 2 ϭ .11, ⌬R 2 ϭ .07, p ϭ .003; adjusted alpha ϭ .016). A simple slopes analysis for this interaction revealed a negative association between weight-control expectancies and latency to smoke in the prime condition (␤ ϭ Ϫ.35, t ϭ Ϫ3.79, df ϭ 62, p Ͻ .001), but not in the No-Prime condition (␤ ϭ .06, t ϭ .63, df ϭ 62, p ϭ .53). Because both RS and the expectancy measures each moderated the effect of condition upon latency to first puff, a series of dual moderation analyses was conducted to test whether the two moderators predicted independent variance in latency within the same model. In each model we found that the moderation effect of the expectancy measure was retained, whereas moderation by RS failed to retain statistical significance.
Effect of Food Prime on Food Consumption
The effects of the food prime upon eating variables were tested using regression models with RS as a moderator variable. As shown in Table 4 , latency to first bite of food was predicted by RS; moreover, RS moderated the effect of condition upon latency, such that higher restraint was associated with greater latency to eat in the Prime condition only (see Figure 1D) . After comparing these results with adjusted Bonferroni-Holm values, these results lost significance (see Table 4 ). Weight consumed was predicted by condition, but not by RS, and the moderating effect of RS was not significant. Correlations between smoking behavior and food intake were also conducted. A negative relationship between latency to first bite of food and puff of cigarette (r ϭ Ϫ.57, df ϭ 120, p Ͻ .01), and a positive relationship between latency to first puff and total weight of food consumed (r ϭ .24, df ϭ 122, p Ͻ .05) was found, indicating food consumption was inversely related to cigarette smoking.
Negative Affect
State negative affect following the manipulation was predicted by RS (␤ ϭ .64, t(125) ϭ 2.3, p ϭ .02) and by the interaction between the priming manipulation and RS (␤ ϭ Ϫ.56, B(SE B) ϭ Ϫ.27(.14), 95% CI ϭ [-.54, Ϫ.01], t(125) ϭ Ϫ2.0, R 2 ϭ .05, ⌬R 2 ϭ .03, p ϭ .05), such that restrained eaters who were primed had the highest state negative affect. However, this interaction did not retain significance after Bonferroni-Holm corrections. Trait negative affect did not moderate effects of the priming manipulation on any of the smoking and eating variables reported above (all ps Ͼ .05). Moreover, state negative affect was not a significant mediator of the priming manipulation's effect upon smoking or eating variables, as tested by the bootstrapping approach (Hayes & Preacher, 2013) .
Discussion
The primary goal of this study was to examine experimentally the mechanisms underlying the general association between problematic eating-specifically, restrained eating-and tobacco smoking. We utilized an experimental paradigm from the eating literature-consumption of a caloric preload-that has reliably produced disinhibited eating among individuals high in eating restraint, and we altered the paradigm by introducing the option to smoke. As predicted, we found a pattern of interactions between the experimental manipulation and trait level of restrained eating upon smoking behavior, craving to smoke, and eating behavior (although interactions upon eating behavior were trending toward significance or lost after statistical corrections). Not only did the preload lead to quicker initiation of smoking among those high in dietary restraint, but we speculate that the option to smoke reversed the usual effect of a food prime upon restrained eaters. That is, the pattern of cross-over interactions shown in Figure 1 indicate that when cigarettes were present, higher dietary restraint was unassociated or negatively associated with smoking in the unprimed condition; however, the food prime appeared to reverse this relationship, as higher dietary restraint was associated with quicker smoking and increased smoking in terms of total weight smoked, and a delay in eating (although these latter two findings were not retained after correction for family-wise error). These results suggest that cigarettes may substitute for eating among restrained eating smokers after they experience a food prime that would normally disinhibit their eating restraint. Disregarding restraint status, we also found support for an inverse relationship between smoking and eating behavior across the sample, based on negative correlations for latency to smoke and food intake, and the positive correlation between latency to first puff and total weight of food consumed, implying that these behaviors were viewed by participants as alternatives to each other. It is interesting that we had different outcomes for our two measures of craving as the VAS, but not the QSU-4, was predicted by the interaction between condition and restraint scores. One important difference between these measures is the VAS asked participants to think about and rate their craving during the taste test, whereas the QSU-4 asked participants to rate their craving to smoke in the moment, that is, after the taste test when food cues were removed. That craving was heightened in the presence of food cues reinforces the pattern of results that suggests cigarettes were being utilized to prevent food intake behavior among dietary restrainers.
Also of interest, in the No-Prime conditions we found that smokers high in dietary restraint actually smoked less and tended to report lower cravings to smoke than low-restraint participants. In the absence of the food prime, these results are consistent with other data indicating that young women focused on weight control smoke less during laboratory assessments (e.g., Jenks & Higgs, 2007) . The behaviors of eating restraint and smoking restraint may covary. However, our study suggests that once eating restraint is violated (via the food prime), these women shift their motivation toward cigarettes, perhaps as a means to regain control of their appetite and eating behavior. Our finding that those higher in dietary restraint tended to eat less than nonrestrainers after the food prime (although this was a marginally significant finding), differs from the considerable research that indicates that those high in restraint tend to eat more after a food prime, albeit without the option of smoking (Polivy et al., 2010; as discussed in Stroebe, 2008) . In the present study, smokers who received the milkshake may have viewed cigarettes as an option to "undo" a perceived overeating episode or to suppress their appetite, given the appetite-suppressing and satietyenhancing effects of nicotine (Grunberg et al., 1992; Perkins, Epstein, Fonte, Mitchell, & Grobe, 1995) . Indeed, expectancies that cigarettes can control weight and appetite moderated the effect of the priming manipulation, consistent with previous research indicating that a subset of smokers uses cigarettes for weight control (Pomerleau & Snedecor, 2008; Klesges & Klesges, 1988) . These results extend such research by suggesting a more acute influence of such expectancies, especially when eating restraint is challenged. It is interesting that the only smoking outcome that was predicted by expectancies of smoking's weight-control properties was latency to first puff (i.e., not total amount smoked), further indicating that the contextual influence of such expectancies may be immediate and acute-limited to influencing the decision to initiate smoking.
It is important to note that when the correlated scales measuring eating restraint and weight-control expectancies were simultaneously tested as moderators, only the latter retained predictive significance, suggesting that the more specific construct of expectancies about smoking for weight control has greater explanatory power in this population when confronted with the option to eat or smoke, compared to the broader construct of dietary restraint. This finding suggests that smoking under these conditions may be driven by smokers' specific expectancies about smoking per se (as an appetite and weight-control strategy). That is, persons with weight concerns who have the option to eat or smoke are more likely to smoke if they believe this behavior will suppress eating behavior. However, aside from direct pharmacological appetite suppression by nicotine, several other mechanisms may underlie the development of such expectancies.
For example, within restraint theory itself (Herman & Polivy, 1993) , smoking could be conceptualized simply as a distracter that helped eating-restraint smokers regain control under disinhibiting conditions. To test the appetite-suppressant versus distracter explanations would require an additional condition that offered a non-appetite-suppressing distracter, such as playing a video game. Alternatively, smokers may learn that smoking reduces food consumption by restoring depleted self-control resources necessary to resist eating (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Heckman, Ditre, & Brandon, 2012) .
As there is evidence to suggest negative affect can increase food consumption among dietary restrainers, it is possible that the increased smoking among our sample of restrained eaters who consumed the food prime was driven by increased negative affect due to a violation of their dietary dictates. It is well-established that negative affect manipulations can increase smoking motivation (Brandon, 1994; Heckman et al., 2013) , including among those high in dietary restraint (Addicott et al., 2009 ). Additionally, negative affect has been found to mediate the relationship between body dissatisfaction and urge to smoke (Lopez Khoury, Litvin, & Brandon, 2009 ). In fact, we did find evidence that primed participants high in restraint experienced the highest levels of negative affect (although this effect was negated after a Bonferroni-Holm correction). However, smoking was neither moderated by trait negative affect, nor mediated by state negative affect; yet the mean level of negative affect for our sample was already elevated at baseline (Crawford & Henry, 2004) , possibly due to the instructions to abstain from eating or smoking for 3 hours before the study. This initial elevation may have masked a negative affect pathway for smoking. Although a negative affect pathway cannot be ruled out, the present results suggest that the observed phenomena did not reflect merely smoking to cope with elevated eatingrelated negative affect among dietary restrainers. Future studies could further focus on identifying the pharmacological and nonpharmacological mechanisms underlying the observed effect of the food prime upon smoking.
Consumption of a caloric preload is one of several manipulations that have been found to produce disinhibited eating among high-restrainers. Disinhibited eating can occur following a demanding cognitive task (Lattimore & Caswell, 2004) , when appetizing food is present (Rogers, & Hill, 1989) , when perceptions about amount of preceding food consumption are altered (Polivy et al., 2010) , and after actual or perceived consumption of alcohol (e.g., Polivy & Herman, 1976) . Future research is needed to determine whether the increased smoking found in response to the food prime in the present study would generalize to these other manipulations.
Limitations and Future Directions
Several limitations should be noted. First, although this study employed a well-established food prime manipulation, we altered the standard design by allowing smoking as an option after priming, and we did not attempt to replicate the priming effect without the option to smoke. Given that the food prime procedure has produced consistent results across many different contexts (Lattimore & Caswell, 2004; Rogers, & Hill, 1989; Polivy et al., 2010; Heatherton, Polivy, & Herman, 1991) , we opted to accept this robust finding and use a simpler design in this initial study applying the food priming manipulation to smokers. The results reported here reflect the opposite of the traditional priming effect; that is, restrained eaters showed a reduced motivation to eat when primed, as indexed by a tendency for a longer latency to first bite. However, because we did not include conditions without the smoking option, we cannot rule out the possibility that our sample or methodology contributed to this reverse finding, rather than the availability of cigarettes, per se. Future research will need to verify that our effect was indeed caused by the introduction of cigarettes.
Additionally, our study made use of several key self-report measures, including dietary restraint, craving, expectancies, and affect, introducing the risk of demand or reactivity effects. However, it is unlikely that such effects could account for the hypothesized, but nonobvious, interactions found, particularly upon the behavioral dependent measures. Additionally, we relied on selfreported time of last cigarette and food consumption to ensure compliance with the 3-hr abstinence required of our participants. Also, the study was designed to maximize experimental control and internal validity, but generalization to real-world contexts is unknown. For example, we instructed participants to refrain from any other distractors, such as writing, reading, sleeping, or using a phone during the taste test. However, in a naturalistic setting people have a wider range of distractors available. They may also have access to "healthy" food alternatives, which were not available during our taste test. Therefore, if smoking functioned simply as a food-distractor (rather than a weight-or appetite-control strategy), they may not need to rely upon smoking as an alternative to eating to the degree they did in the current study. Finally, we did not ask participants for their attributions of their smoking and eating behavior, which could yield interesting explicit data regarding their motivations.
Treatment implications include training restrained-eating and weight-control smokers to use appetite-control strategies other than smoking (e.g., exercise or other healthy alternatives) or at least alterative distracters when their dietary restraint is threatened. Importantly, cigarettes and food consumption demonstrate shared activation of dopaminergic pathways and reward circuitry (see Gearhardt, Corbin, & Brownell, 2009 for a review of evidence for food addiction); as such cigarettes may be a more salient alternative than some other options to redirect violations of dietary restraint.
Notably, we limited our sample to young-adult females because the prevalence of smoking for weight-control purposes is greatest in this population (Pomerleau & Snedecor, 2008; Klesges & Klesges, 1988) . Nevertheless, it would be prudent to replicate our study among males as well as older smokers. Additionally, as mentioned, we expected to obtain a sample of light daily smokers, rather than sporadic "chippers," although this style of smoking was not formally assessed. Future research should assess for expectancies and patterns in the use of cigarettes for weight control among of the full range of smokers. Finally, although we observed most of the interactions that we had hypothesized between dietary restraint and the food prime manipulation upon eating and smoking variables, it should be noted that the majority of the variance among these dependent variables remained unexplained in our models. Thus, although this study revealed a novel mechanism by which eating contributes to smoking among individuals high in dietary restraint, the identified causality is far from either necessary or sufficient.
Conclusion
By drawing upon research paradigms from both the smoking and eating literatures, this study was the first, to our knowledge, to examine the underlying mechanisms linking acute decisions about eating and smoking, and their moderation by dietary restraint. The results were largely consistent with the key hypotheses, namely that young adult women high in dietary restraint would initiate smoking quicker and smoke more when primed with a small amount of tempting food. Future research should aim to replicate and extend these findings as well as explore potential interventions that address both smoking cessation and dietary restraint simultaneously.
